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Abstract: Based on the biological hypothesis of tree growth, the generalized Korf growth equation, was derived 
theoretically. From a standpoint of applications, the equation can be used in two ways associated with the power 
exponent of p. and two types of growth equations: the Korf-A (p> 1) and the Korf-B (0< p <1) were developed and 
between them, there is the Gompertz equation (p = 1) to separate each other. All of the three types of equations 
are independent. It was concluded that the Korf-A equation could be used to describe the growth of trees, of which 
inflection point is between 0 and A/e , while the Korf-B equation with the inflection point between A/e and A could 
be applied to describe the biological population growth. It was found that the Korf-A equation had a better property 
in describing the growth process of a tree or a stand and its applications to predicting height growth and stand 
self-thinning showed general good fitness. 
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Introduction 

Five growth equations among great many of plant 
growth models are often used in describing the bio¬ 
logical process of plants or populations over time (in 
Table 1). 

The logistic equation is used probably the one 
most frequently used in simulating the population 
dynamics in ecology. In this equation, the relative 
growth rate of plants is expressed as a declining lin¬ 
ear function of the size and inflection point of its curve 
corresponds to one-half of final size (/max)- With the 
characteristics, the equation was often used in pre¬ 
dicting biological population. However, it was found 
that the equation was the least accurate among 5 
sigmoid equations (see Table 1) in predicting tree 
growth (Osumi & Ishikawa 1983; Zeide 1989), be¬ 
cause the relative growth rate (— ) of a tree forms 

y dt 

a concave curve rather than a linear curve over y. 

The Mitscherlich equation was used to describe the 


Biography: *U Feng-ri (1963-), male, professor of Northeast 
Forestry University. Harbin 150040. P. R. China. 

Received date: 2000-01-15 
Responsible editor: Song Funan 


response of plants to their environment. This equa¬ 
tion was known as the law of diminishing returns in 
agriculture and economics and as the law of mass 
action in chemistry. The original equation form pro¬ 
posed by Mitscherlich was: 

y = A§-e h,x,) fc-e h ' Xi ) . ( 1 ) 

Where y is yield, x,,x 2 . is growth control 

factors. 

Considering time as the most important factor for 
plant growth, thfe equation (1) is the simplest among 
the five growth equations in Table 1, which does not 
have inflection point. It presents unrealistic picture of 
tree growth, because there is an inflection point in 
growth case of tree. 

The Gompertz (1825) equation was designed to 
describe age distribution in human population (Zeide 
1993). A century later it was applied as a growth 
model. It was derived from the assumption that the 
relative growth rate was proportional to the logarithm 
of attenuate factor {y^Jy). Obviously, the Gompertz 
equation was based on the individual rather than a 
population dynamic. The inflection point occurs when 
current size is equal to y TOX /e, that is about one-third 
of the final size. Many researchers found that the 
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Gompertz’s equation was appropriate to use in biol¬ 
ogy as well as in forestry. However, Zeide (1989) 
found that the Gompertz's equation was less accu¬ 
rate than the Korf and the Chapman-Richards equa¬ 
tion. 

In forestry, the Chapman-Richards equation has 
been used more than any other functions for its flexi¬ 
bility (Osumi & Ishikawa 1983; Zeide 1993; Li 1995). 
The Chapman-Richards equation was derived from 
Bertalanffy equation "When limitations imposed by its 
theoretical background are discarded" (Richards 
1959). The difference between two equations is that 
the parameter m, restricted to a value of three in 
Bertalanffy’s case, can assume any value of m >0 in 
the Chapman-Richards’ equation. The theoretical 
growth equations of the Mitscherlich, the Gompertz 
and the logistic are special cases for m= 0, 1, and 

m=2, respectively. The Chapman-Richards equation 
has often been used to develop tree or stand growth 
models, for examples, growth models of basal area 
(Pienaar & Turnbull 1973), models of height growth or 
site index curves (Brewell et al. 1985), tree growth 
analysis (Osumi & Ishikawa 1983), and self-thinning 
equation (Naito 1984). 

The Korf equation were proposed by Korf in 1939 
(Zarnovican 1979), who was Czechoslovak forest 
researcher, and has been rediscovered several times, 
in particular by Lundqvist (1957). Lundqvist devel¬ 
oped a model of height growth by using the Korf 
equation for plantation of pine and spruce. After then, 
some researchers have successfully applied the Korf 
equation to describe the height and diameter growth 
(Stage 1963; Zarnovican 1979; Brewer et al. 1985; Li 
1987,1995; Zeide 1989). 

Depending on the biological hypothesis of tree 
growth, this paper is intended to derive a generalized 


Korf equation theoretically and analyze suitability of 
the equation for use. Biological meanings of the pa¬ 
rameters and the properties of the equation describ¬ 
ing the characteristics of tree or stand growth will be 
also discussed. 

Structure and analysis of theoretical equa¬ 
tions 

Five theoretical equations listed in Table 1 can be 
expressed in following two forms (Zeide, 1989, 1993): 

ln(/) = k + p ln(y) - q ln(/) 

or /= kyr 1 (2) 

ln(/) = k + p\n(y) - qt 

or y=kye~ ( " (3) 

Where /= k > 0, p > 0, q > 0, k [ = e k 
dt 

The equation (2) is referred to as the PD (the power 
decline of age) form and the equation (3) is called as 
the ED (the exponential decline of age) form. The 
common feature in both forms is that growth expan¬ 
sion is proportional to current tree size, y, raised to 
some positive power, p. Both forms differ in the way 
the decline component of growth is associated with 
age (t). It is expressed by a power function of f for PD 
form (e.g. Korf equation) and an exponential function 
of t for ED form (e.g. the logistic, Gompertz, Mitsch¬ 
erlich, and Chapman-Richards equations) (see Table 
D 


Table 1. Theoretical growth equations and its components 


Equation name 


Expression 


Theoretical assumption 


Components 


Expansion 


Decline 


Logistic 

A 

dt A 

be , 

_ - bl 

y \ + ce~ hl 

A y 

e 

Mitscherlich 

y = A(l -ce~ hl ) 

y = HA-y) 
dt 

Abe 

e~ bt 

Gompertz 

y = Ae~ hc ~" 

~~ - cy(lnA — In y) 
dt 

bey 

e~ ct 

Chapman-Richards 

y = A(]-e- b, y 

— = ay"' - J3 
dt - 

1 c-\ 

A c bcy c 

e bt 

Korf 

y = Ae~ hl ‘ 

( ^- = qy{\nA-\ny) p 
dt 

bey 

r (c+1) 


• Where y = tree or stand size; f = age; A, b, and c = parameters of equations 


In theoretical growth equations of the ED forms, the Chapman-Richards equation covering all the 
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other three equations is mainly analyzed in this paper. 
According to the parameter m, the Chap- 
man-Richards function was divided into three growth 
types by Osumi and Ishikawa (I983)(see Table 2) 


Table 2. Growth types of the Chapman-Richards growth 



0 < m < 1 Mitscherlich y t —£ [0,/f/e] 


m —> I Gompertz equation y / — Ale 

m = 2 Logistic T/ =^[A/e,A\ 


tion wasn't known well in the past, researches found 
that the Korf equation was substantially more accu¬ 
racy than the Chapman-Richards function recently 
(Brewer et al. 1985; Li 1987; Zeide 1989). Using av¬ 
erage growth of thousands of stem analysis of dif¬ 
ferent species from different locations, it was shown 
that the Korf equation's standard error of estimate was 
2.1, 3.4, and 4.8 times less than the Chap¬ 
man-Richards, Gompertz, and Logistic equations, 
respectively. Otherwise, the capability of analysis and 
flexibility of the Korf equation were better than the 
Chapman-Richards equation (Li 1995). 


They concluded: "in generally, the life-long of a tree 
belongs to the Mitscherlich's type (0<m<1), while the 
seasonal growth of an organ of a tree belongs to the 
logistic type (rr7>1)." It was wrong that the logistic 
equation was indifferently used to describe the 
growth of whole mass or stem mass of a tree in the 
past. This was also demonstrated by other research¬ 
ers that the logistic equation is not suitable for de¬ 
scribing the growth of a tree, but for simulating the 
population dynamics or growth of an organ. There¬ 
fore, the Chapman-Richards equation is effective for 
modeling tr.ee growth, only when 0<m<1. 

However, the Chapman-Richards equation has 
been referred to as the most flexible growth equation 
and applied widely in modeling tree and stand growth. 
It is because the assumptions, background of deriva¬ 
tion, area of applications, and biological capacities of 
the parameters for the Chapman-Richards function 
haven’t been profoundly analyzed when it was used 
in forestry. In practical applications of the Chap¬ 
man-Richards equation, unusual cases appeared 
occasionally, in which the parameter m was less than 
zero (m< 0). In such cases, the Chapman-Richards 
equation is failed to coincide with the assumption. 
Otherwise, the capability of analysis is not as good as 
expected. When the estimated parameter m is very 
small, the value of inflection point reveals quite dif¬ 
ferent from observed one of the tree growth. In addi¬ 
tion, the inflection point doesn't exist for case m< 0. 
These don’t coincide with the fact of tree and stand 
growth (Li 1995). The reasons are: 1). The basic hy¬ 
pothesis of the Chapman-Richards equation was 
based on surface rule of animal growth and not suit¬ 
able for tree growth especially height growth. 2) In 
assumption, the upper bound was not restrained and 
the estimated value of asymptotic parameter A de¬ 
pended on the other parameter (for example m). 3) 
The decline component of tree growth was not a 
power function of age. Zeide (1989, 1993) found that 
the relative growth rate of tree was an exponential 
function rather than a power function of age. 

The Korf equation as the PD form reveals to more 
suitable to describe tree growth. Although this equa¬ 


Derivation of the generalized Korf growth 
equation 

Theoretical derivation 

Biological growth results from the interaction con¬ 
structive metabolism (anabolism) and destructive 
metabolism (catabolism). Associated with biotic po¬ 
tential, photosynthesis, absorption of nutrients, etc, 
the anabolism belongs to positive component of bio¬ 
logical growth and represents the innate tendency 
toward exponential multiplication. While the catabo¬ 
lism embodies the restraints imposed by external 
(competition, limited resources and stress) and in¬ 
ternal (aging and self-regulatory) factors, as well as 
their combination (respiration). Therefore, postulates 
of growth equation are often formulated in pairs that 
reflect the multiplicative and limiting components 
imposed by finite space. In general, two postulates 
include: 

1) Because of biological characteristics, growth is 
multiplicative; 

2) Because the environmental resistance, the rela¬ 
tive growth rate is always decreasing (Minots law). 

Here y represents tree size at time t. QL is growth 

dt 

rate and J _dy_ represents relative growth rate. Be- 

y dt 

cause of the physiological characteristics of tree 
growth, regardless of environmental limit following 
two postulates of tree growth exist. 1) y increases 
with time, t, and an upper limit (y max ) exists. Let 

A = y max ; 2) As y increasing, a tree increases in the 

respiration and decreases in the activity. As a results, 
it bring out self-restraints and the effect becomes 
severe when the environmental resistant imposed. 
These two assumptions of tree growth can be for¬ 
mulated using a general "self-control model": 


1 dy 
y dt 


= g(y) 


(4) 


1) In equation (4), g(y) should satisfy: For 
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ye |M], g(y) forms a continuous function 
and greater than or equal to 0. 

2) When ye [o, A ], < o . This repre- 

dt 

sents that the growth rate decreases with / increas¬ 
ing (self-restraints). 

The typical sigmoid growth equation meets the 
conditions of "self-control model". For tree growth, 
There are two equilibrium points, y = o and y = a 

in equation (4). The equilibrium point, y = o . is un¬ 
stable, but the other one, y = A , possesses as¬ 
ymptotic stability. 

Here, Aly represents attenuate factor of relative 
growth rate and it gradually decreases as y increases. 
This procedure indicates that, as the level of 1 dy 

v dt 

attenuates as y increasing, decreases with 

v dt 

Aly decreasing. After analyzing growth procedure of 
a tree, it was found that g(y) was a non-linear function. 

With the constraint _Lo as y -4 A , the 
y dt 

hypothesis of a tree growth is expressed as (see 
Figure 1): 

~=giy) = qCa-r «,p> o (5) 
y dt y 

where q is innate growth rate, p is power exponent 
of the attenuate equation, A is asymptotic size. 



Fig.l. Attenuate procedure of tree growth 


The equation (5) is called as an attenuate equation 
of tree growth. When q is identical, the higher, the p 
value is, the faster the attenuate speed of relative 
growth rate is. In this case, the action of self-restrain 
increases and the growth rate decreases. When pa¬ 
rameter p is identical, the higher the q value is, the 
faster the tree growth is. Obviously, the attenuate 
equation (5) is a special expression of "the 


self-control model" in ecology. Equation (5) can be 
rewritten as: 


^ = qy(\nA-\ny) p 
dt 


( 6 ) 


Integral form of the differential equation (6) is 


y 


= A expj- [(p - 1 )q + c']“ r-\ 


(7) 


Where c' is integral constant. With the initial 
condition that y(t) = y 0 when t = 0, equation (7) be¬ 
comes: 


y — A exp 


- b(c ± t) 


p -1 


A, b>0 and c>0 (8) 


Where b = \±(p-\)q\ 


i 

p 


c = 


t-ln— 

b To 


NH/’-n 

J 


when 0<p<1 and p>1, 

The equation (8) is called as the generalized Korf 
growth equation. According to p value in the equation 
(8), two kinds of equations were divided: 

1) When p>1 and q> 0, from equation (8) we obtain 


y = A exp 


- b(t + c ) 


p-\ 


A, b>0 and c>0 


(9) 


2) With 0<p<1 and q>0, we get 




y = A exp 


-b(c-ty~ p 


A, b>0 and c>t max (10) 


The equation (11) and equation (12) are called as 
Korf-A equation and Korf-B equation, respectively. 
Otherwise, with p=1, the following expression could 
be obtained from the attenuate equation (5): 


~~T~ #(ln A — \ny) 
y dt 


(ii) 


From equation (11), the Gompertz growth equation 
could be derived. 

The generalized Korf equation is regarded as a 
general growth function and composed of two parts, 
the range of the Korf-A type (p>1) and that of the 
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Korf-B type (0<p<1). Between them, there is the 
"wall" of the Gompertz equation (p=1) to separate 
each other. The approach of dividing growth type is 
similar to Osumi and Ishikawa (1983) (see Table 2). 

Properties of the Korf-A equation 

The Korf-A equation includes four parameters, 
some of them are independent of each other (such as 
A and p), but the others are combined parameters 
(such as b and c). It has following properties: 

1) There is two asymptotic lines: as 

/ H>0 + ,y-H>y 0 and as t—>+°°,y A. 

2) y is increasing function related to t, for p>1 


dy _ b 
dt ^ ( p - 1) 


(/ + c) 


p 

p -1 


> 0 


3) The equation has an inflection point at 


divided into three growth types (the Korf-A, the Korf-B 
and the Gompertz function). Therefore, parameter p 
as power exponent of the attenuate equation decides 
curve shapes and inflection position. The higher the p 
value is, the slower the growth is and the later the 
inflection point appears. 

The characteristic values concerned with tree 
growth for the Korf-A equation are: 

1) Age (f C Ai ) and value ( CAI max ) of the maximum 
current annual increment ( CAI) 

The CAI function of the Korf-A equation is: 

CAI = &- = y—U + cy* (14) 

dt p -1 

Solving the equation, d( ~ AI _ d y _ we g et 

dt dt 2 



(15) 


Because of p>1, - inflection point of the Korf-A 
equation is y, e [0, Ale]. Curve appears typical sig¬ 
moid and non-symmetric for t> 0. The Korf-A growth 
function can be used to describe sigmoid curves of 
which the inflection point is between 0 to Ale. As p-»1, 
the Korf-A equation is approached to the Gompertz 
function. Tree's growth exactly belongs to sigmoid 
curve with inflection point 0~A/e. Therefore, the 
Korf-A equation is more suitable to describe tree and 
stand growth. 

The parameter A indicates the final (asymptotic) 
size of tree growth. 

The parameter c is related to initial size (y 0 ): 


Substituting (15) into (14), we can obtain the 
maximum value of CAI: 


CAI" =A -- 

lp-1 


2) Age (Jmai ) and value (MAI m ax ) of the maximum 
mean annual increment (MAI) 

The MAI function of the Korf-A function is: 


MAI = y = y exp - b(t + c) p 



( 12 ) 


When c=0, the growth curve crosses zero point of 
time axis. Otherwise, the parameter c indicates hori¬ 
zontal displacement on the time axis. 

For the parameter b , it gives 

b = [{p (13) 


As p>1, the parameter b is inversely proportional to 
the inherent growth rate (q). When p is same, q in¬ 
creases with b decreasing and relative growth rate is 
higher. So the parameter b reflects growth rate of a 
tree. 

Depending on p, the generalized Korf equation was 


The age (<mai) of the maximum MAI is resolving 

from equation, dMAI = o . The equation may be 

dt 

simplified as: 
h 

- t{t + c) p ~'~ 1 = 0 (18) 

P~ 1 

tmi can be solved from (18) by iteration approach 
and the MAI max can be obtained by substituting 
into (17). As a special case of the Korf-A equation, 
when c=0 it gives: 

W=(-^t) / ’“ I (19) 

P~ 1 
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MAI mx = A(—y-'e~ lp -" (20) 

P~ 1 

The following is several special solutions of the 
Korf-A equation: 

1) Height or volume growth equation 

In this case, equation should be satisfied with initial 
condition of y(t) = 0 when t = 0. Let k= 1/(p-1), then 
from equation (9) we get 

y = Aexp{-bt~ k ) A, t»0 and k>0 (21) 

Equation (21) is original Korf equation (Korf, 1939) 
which is a special case of the Korf-A equation. 

2) Diameter and basal area growth equation 

With initial condition y(t) = 0 when t = t Q and letting 

k=M(pA), from equation (9) it gives 

y = A exp (~b(t -1 0 )~ k ) A, b> 0 and k >0 (22) 


the initial condition, f=0 and y= y Q . The Korf-B type 

equation can only describe sigmoid growth curve of 
biological population that has initial value (y 0 ). 

Application of the Korf-A equation 
Self-thinning model 

The self-thinning law is always a key problem to 
forestry researchers. Based on the 3/2 power law 
(Yoda et al. 1963) many models have been devel¬ 
oped to describe stand self-thinning process using 
Gompertz equation (Minowa 1982) and other em¬ 
pirical equations (Smith & Hann 1984; Tang 1994). 
Based on the Korf-A equation, a new model of 
self-thinning was developed by Li and Meng (1995). 
The self-thinning model is 

N = N 0 -(N 0 - N mm )exp {-bDg~ c ) b> 0, c>0 (26) 

Where b =ql( p- 1), c = p-1, and they are parameters 
to be estimated. 


More generally, with initial condition y(f 0 )=y 0 and let 
/c=1/(p-1), another special solution can be obtained: 

y = ^exp(-/?(/ + c-/ 0 ) _< ) A, P>0 and k>0 (23) 


Properties of the Korf-B equation 

1) It has asymptotic size: y->A as f->c. 

2) y is an monotonic function related to t. For 0< p 
<1, dy/df >0 . 

3) lt has an inflection point: 


I, 


- Ae~ r ■ The inflection point 


of the Korf-B equation is y, € [A/e, A], because of 


0<p<1. Namely, growth curve belongs to sigmoid that 
the inflection point is between A/e and A. Depending 
on the parameter b and p, the growth curve is flexible 
for 0< t <c. 

4) Age (f C Ai) and value (CAI max ) of the maximum 


CAI 


f~r 


(24) 


Growth predicting model 

To a tree or a stand with the initial measured data 
set (t v y y ) and remeasured data set (f 2 , y 2 ), it could be 

assumed that the two points are at the same curve 
and have the same parameter. The curve to the ini¬ 
tially measured data satisfied: 

v, =j4exp(-&f,"*) (27) 


Similarly, to the remeasured data also satisfied: 

y 2 = Aexp{-bt{ k ) (28) 


From equation (27), parameter b is solved out and is 
substituted into • equation (28). Growth predicting 
model (difference equation) of individual tree or stand 
could be got: 



(29) 


CAI 


max 


( b ] 

1 -/’ 

r p 



[\-p 



(25) 


The meanings of parameter A, b and p in the 
Korf-B equation are same as the Korf-A equation, 
only that the parameter c is different. It indicates time 
that finishing whole growth procedure needed under 


The growth predicting model (29) possess some 
desirable logical properties of growth projection: 1) 
As ^approaches / 1 , y 2 approaches y 1 ; 2) As f 2 -*>°, y 
approaches A (upper asymptote y TOx of tree size); 3) 

Compatibility can be met. For example, suppose 
specified value for , f 2 and y 1 are used to predict a 
future tree size y 2 and a second solution is then ob¬ 
tained to predict another future value y 3 from t 2 , f 3 
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and y 2 . The predicted value obtained for y 3 will equal 

the value obtained in a single equation solution using 
( 1 , ( 3 and y 1 as inputs. 

Modeling Examples 

Height growth of Korean pine plantation 
To verify applicability of the Korf-A equation (21) to 
tree growth, it was fitted to a set of height growth data 
of 10 stems from Korean pine {Pinus- Koraiensis 
Sib.et Zucc.) plantations in Heilongjiang province, 


northeastern China. We performed a nonlinear re¬ 
gression using STATISTICA (StatSoft Inc 1995) 
software to find good estimates for the parameters. 
The estimated values of the parameters, fitting statis¬ 
tics (df— degree of freedom, RSS—residual sum of 
squares, S y . x —standard of error estimate and R 2 — 
coefficient of determination for model) and the char¬ 
acteristics to reflect tree growth of the Korf-A growth 
equation for each tree are presented in Table 3. 


Table 3. Estimated parameters and statistics of the Korf-A equation for fitting the height growth of Korean pine 


plantation 

No.of 

tree 


Parameters 


Fitted statistics 


Characteristics of tree growth 

A 

b 

k 

df 

RSS 

s y .« 

R 2 

fcAl 


tuAI 

MAImax 

1 

32.989 

10.026 

0.6699 

11 

0.5801 

0.2296 

0.9960 

7.9873 

0.5703 

17.172 

04318 

2 

32.923 

9.924 

0.6588 

20 

1.1863 

0.2436 

0.9946 

8.0198 

0.5491 

17.290 

0 4173 

3 

34.168 

9.079 

0.5579 

11 

0.7323 

0.2580 

0.9903 

8.2767 

0.3941 

18.322 

0.3106 

4 

34.958 

14.187 

0.7762 

8 

0.9214 

0.3394 

0.9916 

10.491 

0.6003 

21.991 

0.4383 

5 

27.109 

11.178 

0.7381 

7 

0.0684 

0.0989 

0.9990 

8.2489 

0.5421 

17.444 

0.4009 

6 

27.106 

16.775 

0.8663 

10 

0,5639 

0.2375 

0.9947 

10.689 

0.5489 

21.965 

0.3891 

7 

36.464 

7.879 

0 5580 

10 

0.1646 

0.1283 

0.9984 

6.4181 

0.5425 

14.207 

0.4276 

8 

29.346 

15.474 

0.8063 

9 

0.3623 

0.2006 

0.9951 

10.988 

0.5134 

22.878 

0.3711 

9 

31.196 

15.745 

0.7230 

8 

0.2668 

0.1826 

0.9931 

13.620 

0.3641 

28.905 

0.2707 

10 

30.474 

11.180 

0.6323 

8 

0.2084 

0.1614 

0.9953 

10.157 

0.3705 

22.046 

0.2843 


Note: A. b, k- parameters of equation; df-degree of freedom; RSS-residual sum of squares; S y y-standard of error estimate; /^-coefficient; 
tcAi -Age current annual increment; G4/ ma *-the maximum current annual increment; ftwrAge mean annual increment; MAI mar the maximum 
mean increment. 


2 

The result is shown that R is higher then 0.99 and 
S yx is less than 0.4 of which is less than 5% of total 
height for each tree. Fitness of height growth data is 
generally good. 

Self-thinning model for Sugi (Cryptomeria japonica D. 
Don) plantation 

Using the data of stem number per hectare (A/) and 
mean diameter ( Dg ) from five permanent plots of 
varying spacing for Sugi plantations of experimental 
forest of National Taiwan University (Yang, 1989), the 
self-thinning equation (26) was tested by Li and Meng 
(1995). 

Conclusion 

The generalized Korf equation is useful because of 
not only its capability of description and analysis, but 
also better prediction. The attenuate equation was 
presented and the generalized Korf growth equation 
was derived from the self-control model of tree 
growth. According to different power exponent p of 
the attenuate equation, three types of growth equa¬ 
tions: the Korf-A (p>1), the Korf-B (0<p<1) and 


Gompertz functions (p=1) were developed. The 
Korf-A equation can be used to describe the growth 
of trees or stands of that the inflection point is be¬ 
tween 0 and A/e. The Korf-B equation, which the 
inflection point is between A/e and A, can be applied 
to fit the growth of biological population (or the sea¬ 
sonal growth of various organs) with an initial value. 
Between two equations, there is the Gompertz equa¬ 
tion to separate each other. All of the three equations 
are independent for allometric relationship. The 
Korf-A equation has better properties in describing 
the growth process of a tree or a stand and we can 
get some characteristics values to reflect tree growth. 
Theses important properties are useful in actual ap¬ 
plications. The applications of the Korf-A equation to 
modeling height growth and stand self-thinning 
showed that fitness of tree growth and stand devel¬ 
opment were generally good. 
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